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(57) ABSTRACT 

A carbon dioxide laser is used as a non-mechanical means 
for smoothing and polishing the as-cut chamfer surface at 
the edge of the disk. Applying laser radiation to the glass 
surface causes transient melting and resolidi?cation. Due to 
surface tension effects, the glass resolidi?es to produce a 
surface that is signi?cantly smoother than it Was before 
irradiation. If scratches or abrasive marks are present on the 
glass surface prior to irradiation, the irradiation process 
“polishes out” these defects as long as they are not too deep. 
At a Wavelength near 10 pm, the penetration depth of the 
radiation into the glass is approximately 1 pm. Therefore, 
scratches and defects of this order of magnitude are elimi 
nated. The quality of the resulting modi?ed chamfer surface 
is far superior to the original mechanically ground and 
polished surface. 

10 Claims, 2 Drawing Sheets 
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APPARATUS AND METHOD FOR 
IMPROVING CHAMFER QUALITY OF DISK 

EDGE SURFACES WITH LASER 
TREATMENT 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates in general to the quality of 
disks in a hard disk drive, and in particular to an improving 
the chamfer quality of the edge surfaces of data storage disks 
in hard disk drives. 

2. Description of the Related Art 
Generally, a data access and storage system consists of 

one or more storage devices that store data on magnetic or 
optical storage media. For example, a magnetic storage 
device is knoWn as a direct access storage device (DASD) or 
a hard disk drive (HDD) and includes one or more disks and 
a disk controller to manage local operations concerning the 
disks. The hard disks themselves are usually made of 
aluminum alloy or a mixture of glass and ceramic, and are 
covered With a magnetic coating. Typically, tWo or three 
disks are stacked vertically on a common spindle that is 
turned by a disk drive motor at several thousand revolutions 
per minute (rpm). 

The only other moving part Within a typical HDD is the 
actuator assembly. The actuator moves magnetic read/Write 
heads to the desired location on the rotating disk so as to 
Write information to or read data from that location. Within 
most HDDs, the magnetic read/Write head is mounted on a 
slider. A slider generally serves to mechanically support the 
head and any electrical connections betWeen the head and 
the rest of the disk drive system. The slider is aerodynami 
cally shaped to glide over moving air in order to maintain a 
uniform distance from the surface of the rotating disk, 
thereby preventing the head from undesirably contacting the 
disk. 

Typically, a slider is formed With an aerodynamic pattern 
of protrusions (air bearing design) on its air bearing surface 
(ABS) that enables the slider to ?y at a constant height close 
to the disk during operation of the disk drive. A slider is 
associated With each side of each platter and ?ies just over 
the platter’s surface. Each slider is mounted on a suspension 
to form a head gimbal assembly (HGA). The HGA is then 
attached to a semi-rigid actuator arm that supports the entire 
head ?ying unit. Several semi-rigid arms may be combined 
to form a single movable unit having either a linear bearing 
or a rotary pivotal bearing system. 

The head and arm assembly is linearly or pivotally moved 
utiliZing a magnet/coil structure that is often called a voice 
coil motor (VCM). The stator of a VCM is mounted to a base 
plate or casting on Which the spindle is also mounted. The 
base casting With its spindle, actuator VCM, and internal 
?ltration system is then enclosed With a cover and seal 
assembly to ensure that no contaminants can enter and 
adversely affect the reliability of the slider ?ying over the 
disk. When current is fed to the motor, the VCM develops 
force or torque that is substantially proportional to the 
applied current. The arm acceleration is therefore substan 
tially proportional to the magnitude of the current. As the 
read/Write head approaches a desired track, a reverse polar 
ity signal is applied to the actuator, causing the signal to act 
as a brake, and ideally causing the read/Write head to stop 
directly over the desired track. 

The outer radial edges of hard disks used for magnetic 
storage of data have historically caused contamination prob 

15 

25 

35 

45 

55 

65 

2 
lems. The sharp corner de?ning the boundary betWeen the 
data storage surface of the disk and the disk edge is subject 
to chipping and cracking With subsequent release of the 
particles onto the disk surface. Additionally, the edge corner 
can cut into the plastic holding cassette, again releasing 
contaminants and debris that may ?nd their Way onto the 
data storage surface of the disk. 

For these reasons, a common approach has been to 
chamfer or bevel the edge corners of a disk in an attempt to 
mitigate this problem. While helpful, the chamfering 
process, particularly on glass substrates, often leaves the 
resulting surface With defects and scribe marks. Thus, the 
chamfer surface may act as a source of debris. Indeed, 
microscopic analysis of chamfer surfaces reveal mechanical 
marks, chips, and abrasions that generate additional con 
tamination. Thus, an improved apparatus and method for 
fabricating hard disks is needed. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is an apparatus 
and method that uses a non-contact, non-mechanical means 
for smoothing and polishing the as-cut chamfer surface at 
the edge of the disk. Since glass disk substrates strongly 
absorb infrared radiation, a carbon dioxide (CO2) laser 
provides high quality polishing and smoothing action for the 
mechanically cut chamfer surfaces of glass disk substrates. 
The silicon-oxygen bond that is abundantly available in 
silicate glasses of the type used for storage disks, such as 
magnetic data storage disks, strongly absorbs CO2 laser 
radiation in the 9 to 11 pm Wavelength regime. 

Applying laser radiation to the glass surface at the correct 
poWer density for an appropriate duration causes transient 
melting and resolidi?cation. Due to surface tension effects, 
the glass resolidi?es to produce a surface that is signi?cantly 
smoother than it Was before irradiation. If scratches or 
abrasive marks are present on the glass surface prior to 
irradiation, the irradiation process “polishes out” these 
defects as long as they are not too deep. At a Wavelength of 
10 pm, the penetration depth of the radiation into the glass 
is approximately 1 pm. Therefore, scratches and defects of 
this order of magnitude are eliminated. The quality of the 
resulting modi?ed chamfer surface is far superior to the 
original mechanically ground and polished surface. 
The foregoing and other objects and advantages of the 

present invention Will be apparent to those skilled in the art, 
in vieW of the folloWing detailed description of the preferred 
embodiment of the present invention, taken in conjunction 
With the appended claims and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the features, advantages and 
objects of the invention, as Well as others Which Will become 
apparent, are attained and can be understood in more detail, 
more particular description of the invention brie?y summa 
riZed above may be had by reference to the embodiment 
thereof Which is illustrated in the appended draWings, Which 
draWings form a part of this speci?cation. It is to be noted, 
hoWever, that the draWings illustrate only a preferred 
embodiment of the invention and is therefore not to be 
considered limiting of its scope as the invention may admit 
to other equally effective embodiments. 

FIG. 1 is a schematic diagram of a process and apparatus 
for improving the quality of disk edge surfaces and is 
constructed in accordance With the present invention. 

FIG. 2 is a schematic diagram of an alternate embodiment 
of the process and apparatus of FIG. 1. 
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FIG. 3 is a more detailed diagram of the process and 
apparatus of FIG. 2. 

FIG. 4 is an enlarged rendering of the surface of a disk 
edge prior to undergoing the process of the present inven 
tion. 

FIG. 5 is an enlarged rendering of the surface of another 
disk edge prior to undergoing the process of the present 
invention. 

FIG. 6 is an enlarged rendering of the surface of the disk 
edge of FIG. 4 after undergoing the process of the present 
invention. 

FIG. 7 is an enlarged rendering of the surface of the disk 
edge of FIG. 5 after undergoing the process of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT OF THE PRESENT 

INVENTION 

Referring to FIG. 1, a schematic diagram of an apparatus 
and process according to the present invention is shoWn. In 
one embodiment, a continuous-Wave, carbon dioxide (CO2) 
laser 11 that emits radiation at a Wavelength of 9.25 pm may 
be employed. This Wavelength Was selected because it 
resides near the peak of the absorption spectrum of the glass 
disk 13. In addition, this Wavelength provides one of the 
shortest penetration depths available, thereby alloWing for a 
greater surface smoothing effect. In contrast, typical CO2 
lasers emit radiation at a Wavelength of 10.6 pm. In this 
longer spectral region, the rate of glass absorption is sig 
ni?cantly W decreased by a factor of about one-half. 
Consequently, the use of a 10.6 pm laser Would reduce the 
surface speci?city due to the deeper penetration depth, and 
results in poorer surface polishing and smoothing. 

In one set of experiments and as shoWn in FIG. 2, a 
commercial glass disk substrate 21 Was used. These glass 
substrates have mechanically ground and polished chamfers 
23 that are cut at a 45-degree angle relative to the surface 25 
of the disk 21. While rotating the disk about its axis on an 
appropriate mechanism 27 at ten revolutions per second, 
CO2 radiation 29 at a poWer of approximately 250 pm Was 
focused through a lens 31 onto the chamfer surface 23 (FIG. 
2) for an exposure time of one second. The disk 21 is 
otherWise exposed to ambient operating conditions, such as 
ambient temperature, pressure, and humidity. The laser 
beam spot siZe Was approximately 30 to 40 pm. Since the 
chamfer surface is about 200 pm Wide, approximately six 
passes must be made to treat the entire surface area of the 
chamfer. Alternatively, a laser beam With a Wider pro?le 
(FIG. 1) may be used to make feWer passes or a single pass 
to accomplish the same objective. 
A more detailed schematic draWing of the present inven 

tion is shoWn in FIG. 3. In this version, a commercial CO2 
laser 41, having a 9.25 micron Wavelength at 10 Watts, 
projects a beam 43 through a shutter 45 and attenuator 47. 
Beam 43 is re?ected from mirrors 49, 51 through a colli 
mation lens 53 and a beam expander 55. The beam 43 then 
passes through a series of beam conditioning lenses 57, 59 
before striking chamfer 23 on disk 21. 

FIGS. 4 and 5 illustrate tWo distinct regions or a non 
irradiated chamfer surface on a disk substrate. FIG. 4 shoWs 
three abrasion marks or cuts. FIG. 5 shoWs clear indications 
of scribe marks left over from the mechanical polishing 
process. FIGS. 6 and 7 are tWo separate regions on the other 
chamfer surface of the same disk after irradiation. These 
?gures shoW the result of irradiation Which is a smooth 
surface pro?le that is distinctly unlike the surface features 
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4 
found on the non-irradiated chamfer in FIGS. 4 and 5. 
Prolonged and detailed searching of the irradiated chamfer 
surface (entire 360 degrees around the circumference of the 
disk) did not reveal any of the abrasion and scribe features 
shoWn in FIGS. 4 and 5 for the non-irradiated chamfer. The 
entire chamfer surface Was smooth in the irradiated portion. 
The darker region on the left side of FIGS. 4, 6, and 7 
represents the edge interface betWeen the data surface and 
the chamfer surface. 
The present invention has several advantages since it does 

use direct contact or mechanical means to smooth and polish 
the as-cut chamfer surface at the edge of the disk. The 
present invention takes advantage of the fact that glass disk 
substrates strongly absorb the infrared radiation of CO2 
lasers. The end result is a high quality polish for the 
mechanically cut chamfer surfaces of the glass disk sub 
strate. The glass melts and then resolidi?es to produce a 
surface that is signi?cantly smoother than it Was before 
irradiation. Any scratches or abrasive marks (on the order of 
about 1 pm in depth) present on the glass surface prior to 
irradiation are polished out after processing. The quality of 
the resulting modi?ed chamfer surface is far superior to the 
original mechanically ground and polished surface. 
The present invention also has signi?cant advantages over 

the prior art. For example, in US. Pat. No. 4,682,003, a 
method for cutting glass is disclosed Whereby a laser is used. 
This patent speci?cally states that the glass piece to be 
Worked must be heated to a temperature that is just beloW the 
softening point (about 500 degrees C.) prior to cutting via 
laser radiation. In contrast, disks modi?ed With the present 
invention are at or near ambient operating conditions. 
Clearly, this technique cannot be applied to the present 
invention since the data storage media Would have many of 
its precise mechanical properties (such as ?atness, 
smoothness, Waviness, etc.) strongly compromised. 
Moreover, the “?re polishing” step discussed in the patent 
relates to obtaining a desired ?nal shape and is silent about 
the nature of the heated surface after treatment. 

Another prior art reference, US. Pat. No. 4,542,037, also 
falls short of the present invention. Although this reference 
discloses a laser for edge rounding purposes, the glass being 
treated must have a very high absorption coef?cient (30,000 
per cm). In contrast, the type of glass used in hard disks has 
an absorption strength that is much less (approximately 
5,000 to 10,000 per cm) than that required in the patent, an 
is thus incompatible With the patent. In addition, this patent 
is also silent on the microscopic nature of the treated surface. 
While the invention has been shoWn or described in only 

some of its forms, it should be apparent to those skilled in 
the art that it is not so limited, but is susceptible to various 
changes Without departing from the scope of the invention. 
What is claimed is: 
1. Amethod of treating a data storage disk, comprising the 

steps of: 
(a) providing a data storage disk having a data storage 

surface, a circumferential edge, and a chamfer therebe 
tWeen; 

(b) rotating the disk; and then 
(c) irradiating the chamfer on the disk such that a surface 

of the chamfer absorbs the radiation and is polished. 
2. The method of claim 1 Wherein step (c) comprises 

focusing a laser beam on the chamfer. 
3. Amethod of treating a data storage disk, comprising the 

steps of: 
(a) providing a data storage disk having a data storage 

surface, and a circumferential edge; 
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(b) mechanically grinding a chamfer on the data storage 
disk between the data storage surface of the circum 
ferential edge; 

(c) rotating the disk; and then 
(d) irradiating the chamfer on the disk With a laser such 

that a surface of the chamfer absorbs the radiation, 
melts, resolidi?es, and is thereby polished. 

4. The method of claim 3 Wherein step (d) comprises 
removing any defects in the surface of the chamfer of up to 
approximately 1 pm in depth. 

5. The method of claim 3 Wherein step (c) comprises 
rotating the disk at approximately 10 revolutions per second. 

6. The method of claim 1 Wherein step (d) comprises 
exposing the chamfer to the laser for approximately one 
second. 

7. Amethod of treating a data storage disk, comprising the 
steps of: 

(a) providing a data storage disk having a data storage 
surface, and a circumferential edge; 

(b) mechanically grinding a chamfer on the data storage 
disk betWeen the data storage surface of the circum 
ferential edge; 
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(c) rotating the disk; 
(d) projecting a laser beam through a shutter and attenu 

ator; 
(e) re?ecting the laser beam With a mirror into a collima 

tion lens; 
(f) expanding and focusing the laser beam With a series of 
beam conditioning lenses; and then 

(g) irradiating the chamfer on the disk With the laser beam 
such that a surface of the chamfer absorbs the radiation, 
melts, resolidi?es, and is thereby polished. 

8. The method of claim 7 Wherein step (g) comprises 
removing any defects in the surface of the chamfer of up to 
approximately 1 pm in depth. 

9. The method of claim 7 Wherein step (c) comprises 
rotating the disk at approximately 10 revolutions per second. 

10. The method of claim 7 Wherein step (g) comprises 
exposing the chamfer to the laser for approximately one 
second. 


